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Purpose  of the  study:  The  aim  of  this  retrospective  study  is to  analyze  the risk  factors  causing  the failure
of  closed  reduction  of  children  supracondylar  fracture.
Patients  and  methods:  The  children  with  supracondylar  humerus  fractures  who  were  treated  in our  hos-
pital from  February  2008  to  February  2013,  were  recorded  as well  as  their  age,  sex, BMI,  injured  side,
mechanism  of  injury,  associated  injuries,  fracture  type,  delay  from  injury  to  surgery.  Mean  comparisons
or  Chi2 test  were  used  for univariate  analysis  of  the  above  factors,  and  then  multivariate  logistic  regres-
sion  analysis  was used  to analyse  the  possible  risk  factors,  in order  to elicit  the  risk  factors  associated
with  a failed  closed  reduction  for supracondylar  fractures  in  children.
Results:  Univariate  analysis  showed  that  BMI,  fracture  type, duration  from  injury  to  surgery,  and  mech-
anism  of injury  had  statistically  signiﬁcant  association  with  the  failure  of  closed reduction  for  children
supracondylar  fracture  (*P  = 0.021,  0.044,  0.000  and 0.037  respectively).  Multivariate  logistic  regression
analysis  demonstrated  that  fracture  type (P = 0.027,  OR = 1.177),  time  from  injury  to surgery  (P  =  0.022,
OR  =  2.003),  and  mechanism  of injury  (P =  0.044,  OR =  4.182)  were  independent  risk  factors  of  a  failed
closed  reduction  for  paediatric  supracondylar  fractures.
Discussions:  Gartland  type  III supracondylar  fractures,  the  peak  period  of soft tissue  swelling  and
high-energy  injury  are  signiﬁcant  risk factors  to warrant  open  reduction.  Treating  surgeons  should
preoperatively  carefully  evaluate  these  risk  factors  and  be  prepared  to  treat  these  injuries  accordingly.
Level of evidence:  Level  IV retrospective  study.
©  2014  Elsevier  Masson  SAS.  All  rights  reserved.. Introduction
Pediatric supracondylar humerus fractures are the most
ommon fractures around the pediatric elbow [1,2]. Because
emodeling is limited, meticulous reduction and anatomic align-
ent are essential to restore normal elbow function and prevent
uture complications from malreduction and resultant abnormal
oint kinematics. Closed reduction followed by stabilization with
ercutaneous Kirschner wires has been established as the standard
reatment for unstable supracondylar fractures of the humerus in
hildren, and a number of studies have shown satisfactory results
ith such treatment [1–5]. However, a totally displaced supra-
ondylar humerus fracture is one of the most difﬁcult fractures
o manage because of marked soft tissues swelling and difﬁculty
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E-mail address: chenhuayishi@163.com (H. Chen).
http://dx.doi.org/10.1016/j.otsr.2014.05.015
877-0568/© 2014 Elsevier Masson SAS. All rights reserved.in achieving satisfactory reduction and maintaining reduction in
the process of pinning. This means that a certain proportion of
fractures cannot be reduced with the closed method, with the con-
version rate to open reduction being between 3 and 15% [2,3,6].
Open reduction may  have worse results than closed reduction as
loss of motion, elbow stiffness, myositis ossiﬁcans, infection, scar
formation and an increased risk of iatrogenic neurovascular injury
are possible complications [6]. But few studies address some factors
that may  determine whether open reduction is performed when a
closed reduction has failed.
The purpose of this retrospective study is to investigate the risk
factors causing the failure of closed reduction of children supra-
condylar fractures. Some authors believed that the severity of the
fracture and injury to surgery time might be associated with a
higher rate of failed closed reduction [3,6]. Based on the views
expressed above, we hypothesized that fracture type and time from
injury to surgery were signiﬁcant risk factors for the need for open
reduction.
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Fig. 1. Lateral radiograph showing translational malalignment.22 L.-J. Sun et al. / Orthopaedics & Traumato
. Patients and methods
.1. Study population and study design
After approval from Institutional Review Board of our hospital,
e retrospectively reviewed the records of consecutive patients
ith operatively treated pediatric supracondylar humerus frac-
ures who were admitted between February 2008 and February
013 at our clinic. The inclusion criteria were: age 5.0–13.0 years,
resh closed fractures, unstable Gartland II and all Gartland III frac-
ures, all operations performed by the same group of doctors, and
lount’s technique failed or was contraindicated. The following
atients were excluded: open fractures and old fractures, patho-
ogical fractures, combined with nerve or vascular injury, a history
f ipsilateral elbow congenital malformations, associated with vital
rgans damage, and associated with fractures of other parts of
he ipsilateral limb. In accordance with the inclusion criteria and
xclusion criteria, a total of 104 patients with operatively treated
upracondylar humerus fractures were identiﬁed.
.2. Demographics of the study population
When Blount’s technique failed and closed reduction of the frac-
ure was satisfactory, percutaneous pinning was performed. When
losed reduction was not satisfactory, open reduction was  per-
ormed. Among 104 patients, open reduction was performed in 21
ases, including 13 males and eight females, seven cases on the
eft and 14 cases on the right, with a median age of 8.43 ± 2.30
ears. The average body mass index (BMI) of the patients was
8.62 ± 3.81 kg/m2. It consisted of 3 cases of Gartland II fracture,
8 cases of Gartland III fracture. Causes of injuries were road trafﬁc
ccidents in ﬁve patients, ground falls in nine and sports injuries
n seven cases. We  deﬁned ground falls as low-energy injury and
rafﬁc accidents and sports injuries as high-energy injury. The time
rom injury to operation was < eight hours in ﬁve cases, eight hours
o ﬁve days in 13 cases, ﬁve days to seven days in three cases.
he remaining 83 cases were successfully reduced using the closed
ethod, including 55 males and 28 females, 33 cases on the left
nd 50 cases on the right, with an average age of 8.90 ± 2.60 years.
he BMI  of the patients was 25.27 ± 3.93 kg/m2. It included 31 cases
f Gartland II fracture, 52 cases of Gartland III fracture. Causes of
njuries were road trafﬁc accidents in 12 patients, ground falls in 56
nd sports injuries in 15 cases. The time from injury to operation
as < 8 hours in 44 cases, eight hours to ﬁve days in seven cases,
ve days to seven days in 32 cases.
.3. Data collection
All demographic and outcome data were gathered by two
uthors and stored anonymously in a database. Demographic infor-
ation recorded at the time of the original injury included age,
ex, BMI, fracture type, mechanism of injury, and the time from
njury to operation. Fracture was classiﬁed using Gartland frac-
ure classiﬁcation system. The main outcome variable was the need
or open reduction. Indications for open reduction were a fracture
rreducible by closed reduction or a fracture with unacceptable
eduction. An unacceptable reduction was deﬁned as excessive
ranslational or rotational malalignment. Translational malalign-
ent was deﬁned on a lateral radiograph when less than 50%
ortical contact existed between the proximal and distal fragments
Fig. 1). Rotational malalignment was deﬁned on a lateral radio-
raph when a 2 to 3 mm difference existed in the width of the
one at the fracture site between the proximal and distal fragments
Fig. 2). Greater angular malalignment was accepted because this
as a greater potential for correction through remodeling.Fig. 2. Lateral radiograph showing rotational malalignment.
2.4. Statistical analysis
Distributions of data were checked. Percentages were used for
categorical data, and means or medians were used for continuous
data. Student’s t test was  used for the comparison of continu-
ous variables and the Chi2 test for the comparison of categorical
variables. The open reduction group was compared with closed
reduction patients on collected variables. To determine whether
factors were independently associated with risk of open reduc-
tion, a multivariate logistic model was ﬁt predicting open reduction
status. All variables were included as possible predictors and a
ﬁnal model was found using stepwise elimination. Final model-
ing results are reported with odds ratios (OR) and 95% conﬁdence
intervals (CIs). All analyses were performed using SPSS software,
version 11.0 (SPSS, Inc., Chicago, IL, USA). The level of signiﬁcance
was set at P < 0.05.
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Table  1
Baseline characteristics of all operated patients.
Characteristics Open reduction Closed reduction x2(t) P
Age (yrs) 8.43 ± 2.30 8.90 ± 2.60 –0.767 0.445
Sex  (male: female, n) 13:8 55:28 0.141 0.708
BMI  (kg/m2) 28.62 ± 3.81 25.27 ± 3.93 2.512 0.021
Fracture side (left:right, n) 7:14 33:50 0.292 0.589
Fracture type (Gartland II:Gartland III, n) 3:18 31:52 4.051 0.044
Cause of injury (low-energy:high-energy, n) 9:12 56:27 4.332 0.037
Injury to surgery time (<8 h:8 h–5 days:5–7 days) 5:13:3 44:7:32 30.884 0.000
Table 2
Multivariate logistic regression analysis.
Risk factor Regression coefﬁcient,
B
Wald Statistic P value of Wald
Statistic
Standard error of B Odds Ratio
Exp (B) (95% CI)
BMI  0.485 2.226 0.136 0.325 1.624 (0.859–3.072)
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. Results
Of the 104 patients who were at least ﬁve years of age, closed
eduction failed in 21 patients, representing a risk of 20.2%. BMI
P = 0.021), fracture type (P = 0.044), time from injury to operation
P = 0.000) and mechanism of injury (P = 0.037) were associated
ith increased risk of a failed closed reduction on bivariate analysis
Table 1) and were considered in the multivariate model. Results
rom the logistic modeling showed that none of the following
ere signiﬁcantly related to predicting the risk of open reduc-
ion: age, sex, BMI  and injuried side. Only the categorical variables
f fracture type (P = 0.027, OR = 1.177), time from injury to oper-
tion (P = 0.022, OR = 2.003), and mechanism of injury (P = 0.044,
R = 4.182) remained independently predictive (Table 2).
. Discussion
There are many factors associated with a failed closed reduc-
ion for supracondylar fractures in children. Past simple correlation
nalysis did not reveal the real situation and was  easy to draw
rong conclusions. In order to avoid mutual interference between
he various factors, the current study used univariate analysis com-
ined with multivariate Logistic regression analysis to investigate
he risk factors for failed closed reduction of pediatric supra-
ondylar humerus fractures. The results showed the variables
hat signiﬁcantly and independently inﬂuenced the need for open
eduction were Gartland type III fracture (P = 0.027, OR = 1.177) and
ime from injury to surgery (P = 0.022, OR = 2.003), which conﬁrmed
ur initial hypothesis. In addition, we found that the mechanism of
njury (P = 0.044, OR = 4.182) also was an independent risk factor.
The surgical treatment of Gartland type III fracture is compli-
ated and entails technically difﬁcult procedures for orthopaedic
urgeons. The fracture pattern generally presents no cortical con-
act and completely detaches periosteum. Furthermore, due to
nterposition of structures such as the brachialis muscle, median
erve or brachial artery, severely displaced Gartland type III frac-
ures often can not achieve good alignment simply using closed
eduction [7]. The current study also showed Gartland type III
racture was one of independent risk factors associated with a
ailed closed reduction. Therefore, we recommend closed reduc-
ion should routinely be performed for Gartland type II fractures
hile for Gartland type III fractures it needs careful consideration.
e suggest starting with a closed reduction technique for Gartland
ype III fractures unless some special circumstances are present.
f an anatomical reduction cannot be obtained after one or two
losed attempts, an open reduction should be performed because0.027 0.074 1.177 (1.019–1.359)
0.044 0.709 4.182 (1.042–16.784)
0.022 0.304 2.003 (1.103–3.636)
repetitive manipulations could increase the probability of neuro-
vascular injury, promote compartment syndrome, and produce
adverse effects on the epiphysis and also lead to myositis ossiﬁcans
[4,8].
Timing of surgery remains a controversial issue in the treat-
ment of supracondylar fractures of the humerus. In a multivariate
analysis of 198 patients, Mehlman et al. [9] found no signiﬁcant
difference in need for open reduction, pin track infection or iatro-
genic nerve injury between groups of patients treated within or
after eight hours. Other retrospective studies [10–12] also found
no increase in complications or rate of open reduction when these
fractures were delayed for more than 12 hours. However, Walmsley
et al. [13] and Carmichael et al. [14] found delaying surgery more
than eight hours was associated with an increased rate of open
reduction. The overall rate of open reduction reported in the litera-
ture varied from 1 to 46% [9–11,13–17]. Our ﬁgures showed that the
rate of open reduction increased from 10.2 to 29.1% if surgery was
delayed for more than eight hours. In particular, the rate was up
to 65% if surgery was performed between eight hours and ﬁve days
after injury. This might be due to the severity of swelling of local soft
tissue after fracture. Signiﬁcant swelling made fracture fragments
not easy to be palpated and interfered with the surgeon’s judgment
on landmarks. Consequently, manipulative reduction of fractures
and subsequent surgical procedures were hampered. Even if sat-
isfactory alignment could temporarily be achieved with closed
reduction, loss of reduction often occurred in the pinning process.
Based on this evidence and our own  experience, we  suggest that
if the patient’s own  situation and surgical conditions permit, the
patient should be operated within eight hours. If conditions are not
available, operation can be performed ﬁve to seven days after injury
when swelling begins to subside, or it may  increase the rate of open
reduction. This is consistent with the ﬁndings of Heras et al. [5].
In this study, we also found high-energy injury was an inde-
pendent risk factor associated with a failed closed reduction.
High-energy injury causes soft tissue to swell more seriously which
increases the difﬁculty of closed reduction. Additionally, high-
energy injury usually leads to a more serious and more unstable
fracture with a larger initial fracture displacement. Fracture dis-
placement, especially rotational displacement, had a direct impact
on a successful closed reduction [18]. So when we choose sur-
gical methods for supracondylar humerus fractures in children,
it is necessary to fully assess the effect of high-energy injury on
closed reduction. If a severe fracture caused by high-energy injury
is present, the possibility of open reduction should be empha-
sized during preoperative planning for these fractures. Although
the need to convert to open treatment is a possibility for any
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urgically treated supracondylar humerus fracture, the treating
urgeon should be aware of the increased likelihood in patients
ith a severe fracture resulting from high-energy injury.
Limitations of the current study included the study design
n which injury and results data were obtained retrospectively,
herefore, the ﬁnal numbers depended on the accuracy of docu-
entation. Second, our study did not include patients with nerve
r vascular injury or with vital organs damage. However, associ-
ted injuries may  be one of the risk factors of failure of closed
eduction [18]. Third, a selection bias was likely present because
atients with more difﬁcult fracture patterns would have been sent
o pediatric-trained orthopedic surgeons if available.
. Conclusion
Gartland type III supracondylar humerus fractures, high-energy
njury, and time from injury to surgery were signiﬁcant risk factors
or the need for open reduction. Surgeons should be aware of the
atients with one or more risk factor and be prepared to treat these
njuries accordingly in order to obtain better results.
isclosure of interest
The authors declare that they have no conﬂicts of interest con-
erning this article.
eferences
[1] Fowler TP, Marsh JL. Reduction and pinning of pediatric supracondylar humerus
fractures in the prone position. J Orthop Trauma 2006;20:277–81.
[2] Omid R, Choi PD, Skaggs DL. Supracondylar humeral fractures in children. J
Bone Joint Surg Am 2008;90:1121–32.[3] Ozkoc G, Gonc U, Kayaalp A, Teker K, Peker TT. Displaced supracondylar
humeral fractures in children: open reduction vs. closed reduction and pinning.
Arch Orthop Trauma Surg 2004;124:547–51.
[4] Abzug JM,  Herman MJ.  Management of supracondylar humerus fractures in
children: current concepts. J Am Acad Orthop Surg 2012;20:69–77.
[Surgery & Research 100 (2014) 621–624
[5] Heras J, Durán D, de la Cerda J, Romanillos O, Martínez-Miranda J, Rodríguez-
Merchán EC. Supracondylar fractures of the humerus in children. Clin Orthop
Relat Res 2005;432:57–64.
[6] Aktekin CN, Toprak A, Ozturk AM, Altay M,  Ozkurt B, Tabak AY. Open reduction
via posterior triceps sparing approach in comparison with closed treatment of
posteromedial displaced Gartland type III supracondylar humerus fractures. J
Pediatr Orthop B 2008;17:171–8.
[7] Mazzini JP, Martin JR, Esteban EMA. Surgical approaches for open reduction and
pinning in severely displaced supracondylar humerus fractures in children: a
systematic review. J Child Orthop 2010;4:143–52.
[8] Cramer KE, Devito DP, Green NE. Comparison of closed reduction and
percutaneous pinning versus open reduction and percutaneous pinning in dis-
placed supracondylar fractures of the humerus in children. J Orthop Trauma
1992;6:407–12.
[9] Mehlman CT, Strub WM,  Roy DR, Wall EJ, Crawford AH. The effect of surgi-
cal timing on the perioperative complications of treatment of supracondylar
humeral fractures in children. J Bone Joint Surg Am 2001;83A:323–7.
10] Sibinski M,  Sharma H, Bennet GC. Early versus delayed treatment of extension
type-3 supracondylar fractures of the humerus in children. J Bone Joint Surg Br
2006;88:380–1.
11] Gupta N, Kay RM, Leitch K, Femino JD, Tolo VT, Skaggs DL. Effect of surgi-
cal  delay on perioperative complications and the need for open reduction
in  supracondylar humerus fractures in children. J Pediatr Orthop 2004;24:
245–8.
12] Yaokreh JB, Odehouri-Koudou TH, Tembely S, Dieth AG, Kouamé DB, Ouattara
O,  et al. Delayed treatment of supracondylar elbow fractures in children. Orthop
Trauma Surg Res 2012;98:808–12.
13] Walmsley PJ, Kelly MB,  Robb JE, Annan IH, Porter DE. Delay increases the need
for open reduction of type-III supracondylar fractures of the humerus. J Bone
Joint Surg Br 2006;88:528–30.
14] Carmichael KD, Joyner K. Quality of reduction versus timing of surgical
intervention for paediatric supracondylar humerus fractures. Orthopaedics
2006;29:628–32.
15] Leet AI, Frisancho J, Ebramzadeh E. Delayed treatment of type 3 supracondylar
humerus fractures in children. J Pediatr Orthop 2002;22:203–7.
16] Mehlman CT, Strub WM,  Roy DR, Wall EJ, Crawford AH. The effect of surgi-
cal timing on the perioperative complications of treatment of supracondylar
humeral fractures in children. J Bone Joint Surg Am 2001;83:323–7.
17] Yaokreh JB, Gicquel P, Schneider L, Stanchina C, Karger C, Saliba E, et al.
Compared outcomes after percutaneous pinning versus open reduction in
paediatric supracondylar elbow fractures. Orthop Trauma Surg Res 2010;96:
276–82.
18] Beck JD, Riehl JT, Moore BE, Deegan JH, Sartorius J, Graham J, et al. Risk fac-
tors for failed closed reduction of pediatric supracondylar humerus fractures.
Orthopedics 2012;35:1492–6.
